7-23%, with a median survival of 12 months Fyfe et al, 1996; Gore et al, 1994) . The combination of the two cytokines has only given a slight increase in response rate Palmer et al, 1993; Atzpodien et al, 1995; Facendola et al, 1995) . In randomized studies comparing the combination of IFN-α and IL-2 with each single agent no survival advantage was found Jayson et al, 1998) .
To improve these results, several groups have investigated the combination of these cytokines with chemotherapy. In 1993, Atzpodien et al reported a 48% response rate (95% confidence interval (CI) 32-66%) in 35 patients with the combination of IFN-α, IL-2 and 5-fluorouracil (5-FU) (Atzpodien et al, 1993a) . Given these promising results, we performed a multicentre confirmatory study with the same schedule in patients with metastatic renal cell carcinoma.
PATIENTS AND METHODS

Patients
The study was performed by the Dutch Immunotherapy Working Party and accrual took place between 1994 and 1996. All patients had histologically proven renal cell carcinoma, had undergone a nephrectomy for renal cell carcinoma and documented progression Immunochemotherapy with interleukin-2, interferon-α and 5-fluorouracil for progressive metastatic renal cell carcinoma: a multicenter phase II study of metastases prior to entry. The following eligibility criteria for the trial applied: bidimensionally measurable disease, WHO performance status 0-1, age 18-75 years, serum values of creatinine ≤ 150 µM, bilirubin ≤ 25 µM, white cell count ≥ 4 × 10 9 l -1 and platelets ≥ 100 × 10 9 l -1 . Previous hormonal treatment was allowed provided that the treatment was stopped for at least 2 weeks. Patients with unstable angina pectoris, recent myocardial infarction (in the last 6 months) or arrhythmia's requiring therapy, active infections, a history of second malignancy with the exception of adequately treated carcinoma in situ of the cervix or basal cell carcinoma of the skin, concurrent treatment with immunosuppressive agents, bone metastases as only metastatic site, clinical signs of central nervous system involvement, previous immuno-or chemotherapy and pregnant or lactating women were excluded. Written informed consent was obtained from all patients. Before initiation of this trial, institutional review board approval was obtained at each of the participating centres.
Study design
The ) was given as a bolus injection intravenous (i.v.) once a week in weeks 5-8. Before and after IFN-α or IL-2 administration, patients received acetaminophen 1000 mg orally. The addition of naproxen 250 mg for constitutional symptoms caused by IFN-α and/or IL-2 was allowed. Patients were evaluated weekly for toxicity. After one 8-week treatment cycle patients were evaluated for response. CTC criteria for toxicity and WHO criteria for response were used. The treatment cycle was repeated once in case of response. In case of stable disease the treatment cycle was only repeated in case of acceptable toxicity and signs of minor response. In case of grade 3 or 4 toxicity (constitutional symptoms) the dose of IFN-α and IL-2 was reduced to 50%. The IL-2 was withdrawn in case of a serum creatinine or bilirubin that failed to return to grade I toxicity or better, or in case of myocardial ischaemia. Criteria for removal from the study were tumour progression whilst on therapy, unacceptable toxicity or intercurrent illness, preventing further treatment or patient refusal.
RESULTS
Six centres included 52 patients. Patients' characteristics are listed in Table 1 . All patients had undergone a nephrectomy and had progressive metastatic renal cell carcinoma. The median age was 57 years (range 27-72). The median WHO-performance status was 1 (0-1), the median number of metastatic sites was 2 (1-5) and the median time between the diagnosis and the start of treatment was 12.9 months (1-153). Two patients were included although they had a WHO PS of 2 (Karnofsky score of 70%). Nine patients received radiotherapy and three patients underwent a metastasectomy in the period prior to entry of the study. When the patients were separated in prognostic subgroups according to the model of Jones, approximately half of the patients belonged to the good prognostic group (Jones et al, 1993) .
Response and survival
In five patients treatment was stopped within 3 weeks after starting. One patients with rapidly progressive symptomatic bone metastasis in the second week of treatment was offered radiotherapy and systemic treatment was discontinued. In one patient in-growth of a metastasis of the pancreas in the duodenum resulted in a duodenal bleeding after 2 weeks of treatment; treatment was stopped and radiotherapy was given. Two patients showed significant early progression of their disease within 3 weeks and treatment was stopped. One patient refused further treatment after 2 weeks; he had no grade III or IV toxicity, but suffered from headaches and nausea grade II.
The patients with early progression (n = 4) are included in the response analysis. Thus, 51 patients were evaluable for response. After one treatment cycle, five patients (9.8%) had a partial response and there were no complete responses; 31 patients (60.8%) had stable disease and 15 (29.4%) had progressive disease.
Sixteen patients received a second cycle: four of the five patients with a partial response and 12 of the 31 patients with stable disease, but with minor signs of response. One of the five patients with a partial response did not receive the second cycle due to toxicity. After the second cycle, one patient with initially a stable disease reached a partial response. Thus, the overall response rate was 11.8% (95% CI 2.9-20.7%) in the 51 evaluable patients and 12.8% (95% CI 3.2-22.4%) in the 47 fully evaluable patients. Responses occurred most frequently in lung, but also in lymph nodes and adrenal metastases. Median response duration (Figure 1 ).
Toxicity of treatment
Fifty-two patients were evaluable for toxicity. Grade 3/4 toxicity occurred in 29/52 (55.8%) of the patients in cycle 1 and in 6/16 (37.5%) of the patients in cycle 2. It consisted mainly of anorexia, fatigue, nausea, fever and leucocytopenia (Table 2) . Of the 47 fully evaluable patients, only 30 (63.8%) received a complete first cycle without reduction or delay of treatment. Nine patients (19.2%) completed the first cycle with a dose reduction or delay. Eight patients (17%) did not complete the first cycle. Of the 16 patients treated with a second cycle, 13 (81%) received a complete cycle without reduction or delay of treatment. Two patients (13%) completed the second cycle with a dose reduction or delay. Only one patient (6%) did not complete the second cycle.
DISCUSSION
Since the 1980s a large number of studies have been performed treating patients with metastatic renal cell carcinoma with IFN-α and/or IL-2. In phase II studies these drugs are associated both as single agent and in combination, with a response rate between 6 and 25% and a median survival of 8-14 months (Umeda and Niijima, 1986; Creagan et al, 1991; Gore et al, 1994; Fyfe et al, 1996) . In a randomized phase III study the response rates of patients treated with IL-2, IFN-α or the combination were 6.5%, 7.5% and 18.6% respectively. However, the overall survival rates in the three groups were not significantly different from one another, and the median survival times were 12, 13 and 17 months respectively . The rationale for combining IFN-α and IL-2 is that in vitro IFN-α enhances the cell membrane expression of major histocompatibility complex (MHC) antigens to which IL-2-activated T-cells can respond (Guadagni et al, 1989) .
To improve these moderate results, several groups have proposed combination of these cytokines with chemotherapy. The mechanisms underlying the supposed synergistic interaction between immunotherapy and chemotherapy are still speculative. Arguments for the enhancement of the anti-tumour activity of immunotherapy by chemotherapy as well as vice versa have been postulated. When 5-FU is used as monotherapy in patients with metastatic renal cell carcinoma, the tumour activity is weak, with a response rate less than 10% (Kish et al, 1994) . However, it has been observed that the tumour cells of renal cancer acquire an increased susceptibility to lymphocyte activated killer (LAK) cells after incubation with 5-FU (Reiter et al, 1992; Tomita et al, 1993) . Also, a modification in the metabolism of 5-FU by IFN-α has been reported (Pfeffer and Tamm, 1984; Seymour et al, 1994) .
In 1993, Atzpodien et al used a sequential combination of IFN-α s.c., IL-2 s.c. and 5-FU i.v. and observed an objective response rate of 48% in 35 patients, with 11% complete responses (Atzpodien et al, 1993b) . Disappointingly, in our study, in which we treated the patients with the same schedule, the response rate was only 11.8% with no complete responses. Three other groups also have used the same schedule as Atzpodien et al and found a response rate of 38, 16 and 19%, with 9, 0 and 0% complete responses respectively (Hofmockel et al, 1996; Joffe et al, 1996; Dutcher et al, 1996) . The group of Atzpodien et al has extended their experience with this schedule and reported response rates of 39% in 120 patients, 39% in 41 patients and 33% in 246 patients (Lopez Hanninen et al, 1996; Atzpodien et al, 1997; Kirchner et al, 1998) . The combination of IFN-α, IL-2 and 5-FU is also used in other schedules. The most important differences are that either IL-2 was given as a continuous i.v. infusion and/or the drugs were administered all three concomitantly. The response rates were 39, 31, 8, 20, 2 and 35% respectively for the reports by Sella et al (1994) , Ellerhorst et al (1997) , Negrier et al (1997) , Tourani et al (1998) , Ravaud et al (1998) and Ventriglia et al, (1998) (Table 3) .
The discrepancy in results between our study and some of the other studies using the same schedule might be explained by three factors. First, patient selection based on known and unknown factors can be an important cause. Half of our patients belonged to the good prognostic subgroup according to the criteria of Jones et al (1993) . Five of the six responders belonged to that group and the other to the intermediate prognostic subgroup. There was no response in the poor prognostic subgroup. It is difficult to compare our group of patients with that of Atzpodien et al, due to the use of a different prognostic system (Atzpodien et al, 1993b) . When compared with others, our group showed more favourable prognostic factors than the patients reported by Joffe, but was similar to the group reported by Tourani (Joffe et al, 1996; Tourani et al, 1998) .
A second factor that may have influenced the results is that, after nephrectomy, we waited until evidence of progression of disease was established before starting treatment. The spontaneous regression rate can be as high as 7% (Gleave et al, 1998) . It is not clear if in other studies patients were also included immediately after nephrectomy.
The third reason can be the high rate of grade 3 or 4 toxicity (55.8% of the patients in the first cycle). As a consequence only 63% of the patients got the first cycle without delay or dose reduction. The grade 3 and 4 toxicity was much higher than reported in most of the other studies (9-18%) using exactly the same schedule (Hofmockel et al, 1996; Lopez Hanninen et al, 1996) but was comparable with the toxicity (44%) found by Joffe et al (1996) .
In conclusion, we cannot confirm the high response rate in patients with metastatic renal cell carcinoma treated with the combination of IFN-α, IL-2 and 5-FU, described by Atzpodien et al (1993a) . To eliminate the influence of unknown differences in the various populations a phase III study is warranted to determine the true efficacy of this schedule. 
